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SUMMARY

A tochnigue of tesh:
been develcped as o rau
vestigotion of the stotic ol and lateral-stabil-
» - ity end control charactor of soveral powereld mcdoels
. in tho Halh 7- Dby 10-foot -sind tunnel. 4As nn nmrortg nt
Part of this technigue, o mininmum preogram of thce bosts
considorod nccessary to specify entisfactorily tho stati
cistiecs for prosorum-wy aive-
tablishod.

%

1 powercd models has
ce golnod in tre in-

Jote

o gbnbility ~nd control ch“.tu
planeg has been tontatively o
LA discussion of the nonﬂltxons 50 e investignatod,
cthods o prescntiang and intorpreotiang the data, and a
~u@ csted operating uochnlq arc given. Typicel to
ta, i1llustrating some of tho-effecets of power on b
arcectoristics of o modol of o low-wing singlo-cngin
“?luno, 0ro also prescnted.
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INTRODUCTEION

The Iaotional Advisory Committee for Lecronautics has
naortakon an oextonsive investigation to deternino the
cffeocts orf propoellor oporantion on tho longitudinal- and
lateorel-gtability and control characteristics of modorn,
elrplancs, Tho possiblo cdversce offcct of yropoller opor-
ation on stability and control characteristics has long
been appreciated, but only recently khas there Deen an in-
crense 1ln the power oubtput of the englne-propellcer unit to
& point whore the offoets 07 propcllcr opcration have bo-
. come definitely scricus.

Tho marked effocts of propellor oporation on tho aocro-
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dynamic ckarncteristics of n moﬂal of n uvnic'*l single-—

Pn“lne, low-vlng, pursuit-type alrpl ne {(fig. 1) arec il-
lastroted by figures 2 to 5. The ec*e.‘e in stensic loxn-
a

gitudinLI stabilit;r ond the change in 1onbltuﬁ1n w1 fria

tin~ Trom prodellsr oprration are shown in figure 2
@ incresse in the control effcctiveness crused by
tream is illustrated in figure 3., The decrcnse
‘Yective dihedral caused by rower is illustrﬁ*ad
4 and the effects of power on trim and weather
abilisy rre shown 1n rigure 5,

r conputing vhe e*fectq of power on tlLe
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uwdingl sfah_L*tw are =ziven in rofercnces 1
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svatic Llongit
snd & baib, as
cednre is difficul®% ~nd unceritaln at best. The method of
corleulntlon of powsr-on loternl-sgtability charancteoristics

he authors c¢hemsclvos point out, tho pro-

rague. Tho sgiunlest solutlon to the »nrob-
loenn is $o run newar-on model tusts, ospocinlly since the

ottaincd between nowored-model tcsts ond fligat

Jo
v

indicatos that this method is culte accurate (fig. 35J.
n

b

a o

sor-on wind-tunnel detn for
o been discussced ir rofcorence
that tho dats obt-ined Tron
only give ~n oxcollent indi-
stability-c“h,ﬁcuorls icg of
a morc accuratc nnsly"~s
There are urny imporiont
rsoly offoct the flying
izllf one with firoce conw
rmincd rrom wind-tunntl tcasts
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E, This ﬁiscussi
powered-modcl tos
c~iion of the probadble
the nirplanc dut also wi
for dxna41c flight condi
fnctor howevor, tholi maj
nv”l‘tlos of an nlrmlanc, ¢
urolk, but thnat connot bo 4
rund must thoreforo boe iznox n this discugssion of noro-
Lyn "ﬂic gunlitiocs, Thoso fnctors includc tho cxcessive
conirol friction proscent in many cirplancs, tho lrg ol
gorvo—~control svstoms, tho veilght moments of thc conhrol
snrinces, nnd the olastic constnnts of tac coantrol sv" om,
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Roenuss power-on tosts ~ro gonernllyr morc cxpensive,
roguire on ndditional tunndli ovorator, and usually rccuiro
ROY O timh $0 run than ordinnry tests, the dovelopment ol n
simolo oporating procedure is important. Furthcerrmore, thoe
number of tests mnde ahoul be . tlhe minimem number necesuary
to determine wnether the stability and condrol characterios-

tics of the eirnlane will e satisfastory.

s Giscussion of the conditions to Te inve

ptirnied and
a teatative minimum tsst propram nre presented in pordy I
of thls report, 4 surgested opsrating procedura is pre
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sented in part II. In part IIT are given the results of
some tests of o typlcel powered model as well as o dis-
cussion of the effects of power on stabllity.

I, GOEbITIONS T0 BE INVECTIGATED AND TESTS NECESSARY
POWER CCWDITIONS

Genernl Conditions

A prercquisite for the develonment of a sntisfactory
porating technigquc for powerosd-model tosts is the gseleoce-
ion of the airplane power couditions that should be siamu-
aved, Inasmuch ags the adverse effects of power on the
harecteristics of the sirplane wvesult from the propeller
lipstream and the direct promncller forces, reproduction
of the mower conditions for which the slipstream veloeciw~
ties and propeller forces are ‘greatest will Dbe desirable,
As the ol rplanc often operates without power, that is,
wvith the propeller windmilling, and may have unsatisfac-
tory characteristics in -this condition, the windmilling
state must also be investigated., The propellér-removed
gondition is necver cncountercd in flight, but data for
this condition ere always dcsirablc for purposes of collm
parison. : .

Longitudinal Charactoristics
Thoe alrplanc in.normal flight may oporate over its
specd range with any onc of scyvoral power conditions,

~including lovel-flight power, constant anglo-of-climb
power, consvant power, and 1dling englnes, Wind-tunnel

data nay bo obtaindd cilthor by simulating the appropriato
power condition on %he model throughout its angle-of-
attack rango or by repeating the .angle-of-attack tosts at
scveral valucs of constant thrust cocfficicent and thon
cross-plotting to the dosired thrust cocfficicnt (power
condition) at ocach 1lift coofficiocnt, . Although this con-
stant thrust.amocthod of teost procedurc is vory simple, the
numbor of tests nccessary ard the labor involved in crosse
plotting thoe results makos it undesirable. '

Of the sovoral airplanc power conditions previously
mentioned, fthe constant power condition is most generally
satisfactory for routine investigations, It represents =
very fregquent condition in flight, is quite readily re-
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prodvced in the wiad tunnel; and reguires rno cstimation of
the zerodrnamic characteristics of. the nirmlane such as

is reauired for the reproduction of level~flight mowver,
Furtl.eraore, it may be made Ho reprecent the most severe
conditions that are to be encouvntered, because with con-
gtrnt fullerased power the raximum pos *blﬂ tarvst coedfi-
01°r+s nt any 1lift coefficient sre obtaired. The sHictic
°D;11»¢ measured in tne tunnel witl conetant power on-

oretion will corrsspond closely to tkhe stability sncoun-
tored in ©1light, because the nor.al mothod of detornining
tho stabllity of an eirplane ic fo muasure its ¢bilisy to
roefurns to an originnl steady~astate condition nrter bcing
displaced glightly from thnt condition.  Throushout this
¢¥z2ioc TIrol stondv statc to stendy stote, tho tlhrottle isg
leit fized, 2 condision corrcsponding anproxinately to
that of Pnrstnnt power output. Ths condition of constoni
power outpubt aprlizs throughout the £flight range, rorord-
losy of the nnount of power; thus, if the rower uscd is
Eranter thar the power ncce.zary 0 mainbtain level £light

ot ,tlhe ziven 1ift coefficient, the airplanc climbs; if
1355 tiaeo airplanc divoes. In ALY Canc, BOoWovGar, 7. caui-
llnrlum, or sﬁcedr-afmtc condition for which the stabilid;r
any be Aocternmined, if t*+uue chhn”e arc nceglcetd, is
gonir recched, ' :

Tha :leono of the curve of piteking moment againstd 117
obtrnincd by constant power oporation is n zcasure of the
ctatic longitudinal stability of tho cirnisnc onerating
under siuilar conditiors. It has booxn shovwn Hh~t this
glope is anproximately proportional to the dynanic-
stobilitr censtant ®B  of classic stobilisy tacory. This
resnlt aight have been cxpectod since tha dynamnic-stobiliby

B

defines the long-neriod oscillations iz wkich

“the vaorious 1unges dcecur slowly enough for the enginc-

propeller wnit 4o maintain ~ condition of constrnt vower
ountput. TFor sbort-ne*lod oscillations, however, which oc-
cur co-fast thot the angine-proreller-uni’t charsclieric-
tics Lo nok hane time to chan~e ~mnd ore therefore nore
nearly st constant thrust conditions hen at constnub

conﬁltionn, the represgensntion may anct e volid,
711l be pointed out later by mproper croce-mloittiag, tae
o ~

constont—thrust Jongitudinal-staAbllity carves nny So Ge-
ternined from the wind-tunnel data obbtninadé for consinid
rower coanditlong.,

Ls th- net effect of propeller operation is uweunlly
0.dverse FTor convenbicnal tr-mctor airplenes and n3 the Flv-
ing cualities or tho rirplsne are usnnlly fost nifscied

Y,



when maximum power is npplied, it is considercd desirable
to determine the stamility and control characteristilcs at
the fligh%t condition of fullwratod (or take-off) power as
the most severe case to be cncountoered, The axianl slin-
strean veolocity corresponding to a given power condition
ig largost when the air deansity is greatest; thus the max-~
inmum adverse power effects will usually be encounbered
with fulle~rated power at sea=level altitude, where the air
is most dense. s

The stability characteristics of the airplane should
also be checked at one or more intermediate power condi~
tions, hecause there are possible arrangemenbts of aire
planes for which the net effpcts of power are stabilizing.
For example, the longitudinal statility ie increased by
power if the thrust axis is for enough above tho center of
gravity. Thus, the partial-power condition may be ihe
crititcal condition, -

Partial-power %ests are nlso necessary in order %o
obtain the longitudinal-stabllity charactoristics at var-
ious values of constant thrust cocfficient by propoer
cross-plotting, Tho stabllity charactoristics for con-
stont thrust conditions determine the power-on stabillty
derivatives and must therefore be wmsed in computing the
motiong of the airplanc, ,

As was shown in figure 2, the windmilling or idling
propeller has a rather poweril destabilizing influence.
Inasmuch a8 the propeller is frequently idled during the
oporation of the airplancs, it is nccossary to investi-
gate tho stability characteristics for this condition of
propcller oporation., In thoe censc of idling propeller,
tho alr stream forcos tho propeller to rotatec against the
enginc friction-forcos. Thus, tho mechanical conditjon
of the=cngine, tho flight spood, and the sctting of tho
propeller-gpeed mechanisnm determine the amount of nege-
tive thrust developed by the propeller. Tests indlicate,
however, that the amount of negative thrust is not very
critical for the usual flight conditions., For tesbs of
nodels of dive bombers with braking propellers, the prob-
len may be more critical and some attempt- to simulatc the
exact alirplane engine-propeller charecteristics for these
conditions should probadbly be made, '



Lateral COhkaracteristics

Ths latoral-sta hllluv and con%rol choracteristics of
the airplare are anrkedly influenced by the axisl slip-
gtream velccisy and the slipstream rotation, The nower
conCitiong for which these factors nre lzrge shculd tharew
fore be irvestigated, It sghounld bes noted thn b, boenuse
the latersl characteristics are investigaicd at A con-
stant anegle of sttack, the tests will astually be mnde o3
a constant turwst ooificicnt. Tha valuo of *the thrust
coorficiont, Acwevar, 1s detorzinnd by thoe power condi-
tiong to bo simulated. The retntionsl velociiics nrc moro
immorbtant in tho latoeral-st:bility invostigation than in
ths lonzitudinal-st ub111*y invectigations. For thig roa-
gon tho rotationﬂl elocities slhould bc renroduced (sco
port II) rathor accurateig. If it ig ianosusible to re-
produce them with any oae blade anglc, it will be nucces
sory to rovoent somo of the tiste with a range of blade
angles and oxtrapolate the rezults to the torauc cooffi-
cicnt of tc alrvwlance fo tnv degircd condition,

Some of thoe latoral charautur1”t¢cs, such ~g rudder
o
- 2

cffoctiveonors and werthorcock stability, arc usually in-
provad by powor. - Thus, %those ;hctOTS'muy e gatisfactory
for owver-~on flight but undcsirably grnell foxr ~Liding.
Phe condition of windmilling propcllors should thercefore

bz ianvesthisgated
PLIGHT COWDITIONS

Genoral Conditions

The basic condiiiens of flight arc tac take-cff, tho
¢limhing, %he g£liding, ths lrnading, and tho stallcel or
gninning conditlong, @ In gonecral, cach of thesc filight
conditions must be investipated with the various ropre-
sentative mower conditions that may bo oncovntorsd for the
particnlar flight condition., Thus, fullw-rstod power should
be uscd for hake-off, climbing, lending, and stnallold Tlight;
sbout half-rated powor should beo-wuscd for %tho climbing and
landing conditiong: and winimilling propcllers sheuld beo
wsed for gliding, landing, and stellco states,. The climbe
ing- ond gliding-flisiht conditions should b2 invostlaonted
cver ho complete 1ift-cocfficiont range of the airplanc
fron tho ninimum 1if% coefficicnt (dive) to tho mnxinun
1ift cocfficicnt. Neogative 1ift co»f”icionts (inversed
flight) shouvld also bs investignted for highl; noncuver-
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lo zirplanes. Tho take~off and the landing condition
necG o investigatod only ovoer the moderato- and tho
highelift rango.

Tho position of the wiung flap, 6f the landing gear,
of the cowl flagp, otcs on the model should correspound %o
tant on the airplane at tiie flight condition to be in-
vestigated, If the airplane is designed to take off with
flaps undeflected, however, some of the tests for the
clinbing condition mey De used as approximations to the
takemoff condition since the power condition i1g neanrly the

_same,and the positions of the-cowl Jlap and the landing

ear are us slly not of %too grez‘,lmportance in stability
1nv9 ulq“tlon%. Sisilarly, if the airplans is to.take
of f with flaps fully deflectsd, some of the loanding-

condition tests with full vowsr may be useld %o give an in-
dication of the take-off characteristics, . -

The longitudinal- ond “ateral- stabilﬁty, the . control,
and tvhe trim characteristics chould bte investliroted for
each of the combinnticus of attitude and power unless, Tor
some specisl reason, 1t ig known that the model under test
will De mﬂtlm&uctOry for a particular condition. Such isg

often the case vhen, for instaunce, only minor modifice-
tions hove bsen made on an existbing design that has al-
ready been proved satisfactory. It will Thon be nezs:sc:
to test the model for only the few characteristics thet
roy have been altered by the modifications, Iven in an
investization of a completely new design, laclk of time
rnd money mokes 1t precticelly impossible to tost thoe mod-
el for all flight conditions. It is thus neces sery to
nmake some attempt to deotermine the probadble critical
flicht conditions and to restrict the investigation %o
thoege conditions.

fJ
L&

ry
o

Any attempt to speeify the provably critical cor*i—
o

oD
tions thnt may be encountered in flight must be based on
rast experience and is thereby limited to coanventional
types of ailrplane. Althou- wany of these critical coadi-
tiouns are rot actually dangerous, they definitely affect
the flying ogualities of the airplane advercely,

Longitvdinal Characteristics
Prodable critical £light conditions.- The clevator

mnovenent rcgulred to trim the- “1rr11ﬁ over the conplete;
speod range 1s coansidored ar excellent mensure of statle |



stbility ‘py pilots and flight-tost enginecrs. (Sco rof-
crence 4.) Tnis olevetor movament is veryr small for most
nodern high~pover airplancs in the CLulailg or climbiag
ondition. EBxcossive coutrol manipulation is conscogucatly
rogquired. in gusty alr. Furthermore, the stick position
will give 1ittle iadication of the flight attituvde nrd tho
~lrplanc may be lnmadvertontly stallod. The small clevasor
moverient is usually mest merked for £ligat coaditions in
vhich large amounts of power are usod throughout the speod
rOn3c.

The stick~forece charcctoristics rsrec ne bottor crifce
rion of the flight ,pced than is the stick position and,
in addaliion, the stick-force characteristics any be unnsked
by excescive friction. Thesge forces also depend critic-

~1ly upon the trim-tob setting. The low longliudinal stn-
bility usuelly mokss- -the trim tab anpenr tco sensitive
ande inngnuch as the variation of elevrotor-control force

with 1LiZ% coefficient is debtermined by the trim-tad gset-
ting, it is necessary to determine the eiffectivenescs of
the t2im tabs. The control forces mayr be critical for al-
rost phy flight condition

Tre chenge in 4rim caused by the n~pplication of mower
£3c bo

ney be critical, esnecially if the power must applicd so

re.pldily that the elevoator cannot be deflected 1n tinme fo

mointoein trim conditions. Such a situstion mary rrise if
the vrim tnbs cnnnot be adjusted rani@ly cnough to keep the
t ces reansonably low. Somce of the £light condi-

ng under which suddcen changeos in the anplicd »ower would
bc oncountered nre as followsg: during the lnnding anpdroach
when for some rensox the nirplane cannot lond and: take-off
rowver must be applicA rapﬂdlv- during the take—off where
the engine fallp, at least tomporarily; in climbing flight
vhen tho engine falls; ~nd in gliding or cruising flight
of a nilitary nirplanc, which awst sndadenly esecane tho en-
ey by annlring full power. Ag the grentest trim vhangoes
Guae to pover are usunlly found for the flap~deflccted cone-
tition, the ﬂjnlicntion of tako~off power *tc tho nirnlane
in the 1:n€1 condition is perhaps the most eritical of
hege pos bl conditions,.

Some other flight conditions, in vhich tho charactor-
stics of tho airplanc may bo unsatisfrctory or cven crit-
ucnl, nav bo mentionod as follows: In landing, the ele-
vetor may not bo powcrful cioug: to held the airplaene in

de 1y

tha sttitude for naximum 1ift becouse of the offect of Hhe
ground on the stability (rotrercnce 5). In accclercted

afe  Lta



maneuvers, the required elevator deflections may be unw
obtainable because the stick forces exceed the pilot's
strength (reference 3), In a stall or spin, the elevator
effectiveness mey be inadequate or tue stlick forces too
high for recovery. In any flight attitude with free cqnw
troles, the etability will depend upon the trim-tadb set-
ting and may be undesirably low. .

Necessery tests.- In many cascs, fortunately, the sane
series of tests may be used to estimate the characteristics
of the ailrplane for several ol ths probadblec critical cen-
ditions already described as woll as to determine certain
model characteristices that must be uwsed to correct the
tunncl data to flight conditions., The operating procedure
will be describcd ia part II. The 1ift, the drag, the ’
piteching momont, the powcor »arametors - thrust coofficicnt,
torque cocfficicnt, gdvanco-iiametor ratio, cfficicncy,
and blade anglc - and tho olovator hinge momonts arc mocas-
urcd at various anglos of attack from alumost zecro 1ift to
the stall for scvoral clovator and stabilizer scttings for
the varlious modol and powor conditions to be investigabod.
A fow clovator %tosts sholld be run with tho model simulat-
ing tho climbing and tho gliding conditions at snglos of
attack abovo the stall to doterminc tho cloevator and sta-
bility characteristics i2 & stall or a spin, and somc ol=-
evator tests should be run at negative 1ift coesfficients
to determine the characteristics for conditions simulat-
ing inverted flight For nighly wmaneuverable airplanes.

The effect of the trim tab upon the stick-Fforcd charscters
igstics for some of the conditions must also be checked,
Elevator-free tests need not be run, because the hinge
moments are measured in the elevator tests and, by proper’
cross-plotting, the elevator-~-free charactoeristics may de
determined., If it is impossible to measure the hinge mo-.
nents, however, elevator-frec tests should, be made. The
effect of 'trim-teb setting upon the elevator-free charac-
teristics should be checked. : :

Tail-removed tosts should be made to facilitate analy-
g8is of the data, although such tests arc not avsolubtaly
necessary. <Thosgse tail-romoved tests arc highly important
if the original tail surfaces arc unsatisfectorry and must
be redesigned. LAir-flow svrveys &t the taill region aro
also very desirable, )

The purpose of the stabiligzer tcsts is ¢
flrst, to detormine the stabilizer setting rog
trim the alrplane in the cruising attitude, and second, to
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determine the stabiliger effectiveness dC,/0iy for the
various mower and model conditions, vhere Cp is pnitching-

)

moment coefficient and iy is stabilizer angle. (411 sorom-
bols used hereafter in the text are completely defined in
the appeniix,) The stabilizer-effectivoness dunta are uscd
tn correct the reasured wind-tunnel pitching-moment dutn
for the cifects of the Jjet boundary as well as to zive a
measure of the air-flow velozity ot the tall surfaces
(amount of slipstream passing over the tail, etc.). Toshs
with two different stabiliger settings are reqrired for
each model and power condition to be investiszated., Tho
staPilizer sottings should bracket the conditiong of trin
" wifthin the flight range and should be at leass 3 npart to
nLaintain 2 roasonable doerce of accursacy.

Tre clevator tests are made with the stabilizoer
as 1t will bo on tho sirplens, probatly tec trim at the
cruising attitude. Adbeut three or four elevabtor sctbinss
are usually necessory for esch umodel snd power condition
to e tested, The elevator settings arec so chosen ng to
trim the nodsl over the complate 1ift range. Theose wleova-
bor tests moy be usecd to estimate hc probable charactor-
lstics of the airplane at the varionsg critical conditions,
The clovator movement roguircd to trim the airnlanc over
the compnlote speed rango, thio elevator shtickeforce chaorcce
teristics, the chanses ia ritching-moment and stick-Torce
trim conditions due to power, the effect of changing the
center—-ofearavity location, the effectiveness of the cle—
vetor in producing accelerated maneuvers, ~nd the elevn
tor effectiveness and stick forces in a stall or spin may
211l be determined from these tests,

36
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The tosts to dctermine the elevntor effectivencss for

londing should be mode ia the presence of » ground board.
(Sec roforence 5 for a doscriphion of such teste.) I,
rowever, it i1s impossible to m~ke ground-board tests, tho
atditional effcets duve to ground may be ostinnted from tho-
orctical considerations. '

Tosts to determine tho op
tatlion for multlicngine sirplanc
i0de 1Ig not dotcrmincd bw othoer

imum modo of propellscr ro-—
s shoulé bo nﬁdb if %he

Eregsentotion and annlwsai f dato .~ T:cn the girplane
is in equilibrium flizht, that is, in a stecdr—-ctztc con-
dition, it is always trimmed (Cp = 0), The nmodel nsed not

gt

negessarily be trimmed when tested, but to analyze the test

3 0
L
v
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datc correctly, it is necessary to determine the statice
stability characteristics for trim conditions, since the
static stability does depend upon the initial %tail load
(elevator setting) for power-on tests in which constant
power operation is used, The usual measure of static
longitudinal stability is the slope of the pitching-moment
curve dC;/dCy., The slope of the pitching-moment curve
de/aOL nust therefore be determined at Op = O for each
elevator setting tested and then plotted ses a Ffunction of
the trim 11f% coefficient, Another measure of static lon-
gltudinal stabllity is, simply, the elevator angle re-
quired to triuw the alrplane over the 1lift range., Tho two
measures of static stability are closely related., For
qualitative work the eclevator movement required to trim
the airplane over the complete specd range is pot only a
good mcasurce of stability but also allows dircct counpari-
son with flight becausc it is rcadily determined in flight
tOStSQ

The stick-free stability characteristics should be
determincd for trimmed conditions (trim by means of tabs)
elso, The plot of elevator angle for trim ag a function
of 1lift coofficient such as is usod to define the stick-
fixed characteristics will not define the stick-free char-
acteristics, however, Dbecause the curves would Dbe the
same (stick free or stick fixed) for any given model or
power condition, The actual slopes of the pitching-moment
curves at Cp = 0 (for the trim-tad setting for Ghé = 0)
must be used for the analysis. For purposes of comparison
it will be advantageous %o have the slopes aCp/aly for

the stickwTixed condition also, Thus it will usually be
simpler to analyze the data for static stability and for
trim if it is summarized by plotting elevator angle rew-
guired to trim against 1ift coefficient for each model and
power condition tested and for each-center-of=gravity low-
cation to be used and also by plotting the. trimmed slopes
aCp/aly as functions of 1ift cocfficient for the sticke
free and the stick-fixed conditions,

¥ .

If 1t is desired to calculate ecither the motions of
the alrplanc or its short-period dynamlc-stability charace—
teristices, 1t will Dbe nccossary to cross-plot the constant-
power pitching-moment curves to obtaln consgtant-thrust
pitching-mnoment curves, The slope of the constant~thrust
curves is 30p/dc (the change in pitching noment duwe only
to a change in angle of attack), and the slope of the
constantepower curves is dCp/des (tho complcto change in



, moment .due Ho a change in both angle of ettack
ward velocity). The elevator cffectivenass

¢ “iwst zlgo be deternined as z function of Llift co-
ent  for the dynamic-stability cslculeticns.

€

N Uhe nethods of anclyziag wind-tunnel data for drunanic
£1light conditiows given in vefercnce 3 ray be used to conw-
pute the moility of the clovestors to perforn accelerztcd
ieneuvers and bto deternine vhetlior the stick forces in ac-
celarated naneuvers will bocoms excesgive,

The hingn-aonent data must be exenined rathor criti-
llJ in order to dotermine whuUAer the sticl: forces will
ever ob001e cxeeselve fer any trim-tadb seitfing likely to
W uscd, Pho necasurcl hinge-monent creoracicristics nust
onveortod Ho stick Forco go that they will bo in cxact-
inits, vpounds, that sho pilcet will have to exort.
r~tab data arc quite impor*an+ beecasc thic varia-
clovator stickz foreco with 1if% coesficiont donends
1y uvpcn the $trip-tad sokting, Thoe Hrin-tad date
iuzportant in commuting the stick-free gtability
i .
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a¢ noment due to the fteil and tunms the tall load
cslculated, A knowledge of the countridution of the
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Latoral Charscisristics

i izbht condjtions.- Large chmangos
in longitudinal trim are associated wibn sideclip undor
mower: for nost single-ongine and for meny muwlbticagine nir-
ﬂl"pcs. Tne‘trin changes occurring nt noderate angles of
o of%en so larze tkat the 2levator powecr zvsil-

adoguate %0 naintain oven noderate angic of

(=
hout haviag the sirplane dive or stall oub of

Probable crit

of trimuing tze alrpiane in roll and in
large anounts of vpower or wiith unsyunetrical powver
iengine airplanes is alwayrs aifficult 2nd cfton
lticzl, Thus, either because the controls lack cuffi-
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cient power or because the control forces are too high %o
pernit large deflections, it nay not be nosslb1e to hold
the airplane at zero yaw when operating with unsyanetriccl
power, Single-engine airplanes are also likely to-experi-
ence btrouble in this respect because of slipsiream- 'rota-
tion., In some cases, full rudder is required to hold the
airplane at zero yav with flaps down and full powoer Trin
changes in roll caused by motor torque have also bccn
found objectionable on several airplanes., ALl these tri:
changes are nost marked in those .flight conditions in
which the specd is low and the power applied is large.

Inosiuch as power usually increases the veluc of
30,/3V (either rudder fixed or frce) at small angles of
yaw, the flight condition at which the dircctional stadil-
ity is most likely to be unsntisfactory is the landing

condition when tie propeller is windmilling. At largo an-—
glos of yaw with the rudder fixed or frec, the diw cetionnl
characteristics nre probably the 1oast satisfactory undor

the high-tarust condition.

Thac slome of the rolling-nmoment curve 9C;/3V¥ 1is a
neasure of the offective dihcdral, a value of about 0.0002
being cquivalont to 1° of dihcdral, (Sce roforonce 6.)
The influcnce of power on the dihcdral is guitc marked.
For onc singlc-cngine nodcl tested in the 7- by 10-~footb
tunnel the effective dihedral was rcduccd lOo by about 70~
percont rated powecr applicd in tho landing condition.
Hultiongine nodels usually Go not losc as much dihcdral
cffect whon power is appliocd as single-cnginc models. The
loss in offcetive dihodral causcd by power is usually
greatost for conditions of slow-flight spocd with flaps do-
flcctoed and with high power.

. The stability and trim choractoristics arc affoctod
by tho dircction of rotation of the propcllers of multi-

nginc airplancs. It is thus important to determinc the
rnode of rotation giving the nost desirable characteristics.
.Since longitudinal stability characteristics are also af-
fected, o compronise nay be necessary.

An airplane, to be satisfactory under all conditions,
should.poss»ss not only stabtic stability dbut dynamic sta-
bility. Dynanmic stability requires that the weathercock
stabllity and the effective “ihedral lie within certo
linmits, These linits “epeand rnot only on the various aero-
dynanic characteristics of the airplane but also upon the
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radii of gyration, the nass dergity of the airplane, ~nd
the conbrel—asurface charscteristics for conurol-zree
flight., Desirabls limits of the staticestadllity criteri-
ons for & particular airplane may be estinatsd by use aof
rocferences 7, 8, and 9. Inasmuch as the static-stadllity
characteristics vary through the flight range, it will bDe
necessary bto deternine whether these characterigtics lie
within the required linits for each condition of flight.

-
T

Tocessn testg.~ It would, of course, be desirable
to nake lat ~stnbility (;aw) tests simulating esck of

arw
eral

the basic f£lizght conditions at all 1ift coelfficientg. A4s

tiae nunmber of tests ig pro:zivitive, however, only ~ few

basic conditions at represeantative 1ift coefficients are

chosen for tests. For nost routino investi*ntions those

conditions arc the highw-speced attituvde witk fuwll power, o

clinbing atbvitude {moderate 1ift cocf:ic ent with flops

noutral or partially deflected; with full power, a=zd tao

landing utt1+ude (2° Tolow tho power-off stall wvitlh flans :
full down) with wininmilling nropellers and with fuil powor. .

Partial-power and power-off tosts should De inclulced, i

possible, to show the efiect of powoer, ..
Bach basic conditionr should _bo invostigated sarougia-

out the row range frOn 0° %o =50 s tho usual =six compe-

nontsy the power paranetors, and the ruddcor hinge noments

for scvorr rudder and once or two olevator sottings being

dotornined. Care nust De maintained to.smelocy the vanlue

of rudlu_ deflection to be lavestignted in such o way
will %rin tho :0dol ovsr tho cJ.nluuu yaw .rongo, ineclu el
both positive cnd ncgotive angles. 4Asg the clevator elfecw
tiveness Tor power-on Htests VLr;es with anple of waw, ol
evntor teosds should be nade in yaw %o determine wasther
ae elevotors are powerful enough to holéd o given nnmle

of sideslip. ALileron tosts are usually iiade Zor the Hizi-
speed and the landing conditions ard.uay be nade wilth
practically any vower coundition coavonient, The nensnra-
monts necessary for the aileron tests are tihc usual six
conponents and the aileron Zinge nonoents,

,-'.

oun ﬂurb‘v of %tests

T

3
[N

¥

.,.-,a

ese tests constitute the mi
necesgsnry to estinate the lateral-stebility and control

cﬁwrhct=r stics of the airplane, the cherachorigtics .-
prove unsatigfactory or if aore detailed sta&y af tho
characteristics of the alirzlanc is desircd, adlition-l

tcsts nust he asde. Tho rocomnended sdditionnl tosd

the tsil-rcroved tosts, power-ocn and mowsr-off, ~nd
veys of the alir flow (dvuh“*c pressure and dircetion

i m
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the tail. These tests greatly simplify the problem of re-
designing the tail surfaces, 1f vedesigning is necessary.

Presentation and analysis of data. - The lateral-
stability data obtained from the 1 odel btests should be
analyzed for steady-state trimmed-flight conditions. It
is difficult tc obtain data for tke model trimmed with re-
spect to all three axes: vpitch, r.ll, and yaw. There are
two practical -usthods of obtalning data for trimmed condi-
tionse

One metkod is to transfer the dsta from the vsual
wind-tunnel kalance axes (the wind a<xes) to some - other
system of axes such that the deflecti.cn of any one of the
three contrels will affect only t1.& noments about the
axis thet control is normally desighed to affect and will
not appreciably affect the moments about either of the
other two sxes. For example, in orddr to determine the
effective dihedral (BCL/éw) it is mecessary to have the
model trimmed in pltch and in yawy ¢+$herwise, components
of pitching moment and of yawing moni:nt will.be present
in the rolling moment. If, however, the data are trans-
ferred to a system of body axes sucia that the X axis lles
in the plane of symmetry, no componeryt of pitching moment
ahout the ¥ axls due to elevator deflection can affsct
the rolling moment about the X axig. If the X axis not
only lies in the plane of symmetry bul: also passes through
the center of pressure of the vertiesl, tail surface, no
component of yawing moment sbout the Z exis due to rudder

deflection can affect the rolling momerat about the X axis.

After the transfer has been nads, the slopes dC /v
and 3C1/3V may be easily determined for trim conditlons,
because the other moments have no effect about these axes.
For most airplane models the components of rolling moment
dvue to rudder deflection are rather small, because the cen=
ter of pressure of the tail is usually fairly near the rel-
ative wind vector through the center of gravity, at least
for the critical case of minimum speed [with high thrust

" coefficients). Thus, the component of rolling moment due

to rudder deflection may generally be nesglected and it will
be necessary only to transfer the data to the so-called
stability axes instead of to the body axes, Transferring
the data to the stability axes is simpler chan transferring
them to the body axes. The stablility axed sre a system of
axes in which the X axis is the intersection of the planse
of symmetry of the airplane with a plane rerpendicular to



the nlane of symmetry angd parallel with the relative wind
direction, the Y axis is barpendlcular to tlhie plane of
symmetry, and the Z axis is in the plane of symmetry and
rerpendicular to the X axis., It must be emphssized thet
tre ude of this system of axes corrects the data for un~
trimmed pitching moments only. Another advaentage of tlLe
wge of the stabllity axes Is that this system o axes is
. most easily used for dynemic-stability  calculations. For
the convenience of the tunnel operator, the basic trans-
fer equations from the wind to the stablliiy axes alon
with some approzimatse slope equations that apply at an-~
gles of aw near zero only arec herewith presented:

GIJ= CL' : (1)
Cp = Cp' cosy - CY' siny : (2)
Gy = Cy' cosy & Cp' siny (3)
C,= Cup' coz¥ - bfe Gyt siny (4)
= Cp' cos¥y =c/b Cpt siny (5)
Cp= Oy (€)

Avproximate slope eguations at small angles of yaw ave

ki Y D

= 1. 7
YT 57,5 (7)
oC _ aCy! c Cm'
2% 3V b 57.3 (8)
acn acn! ( ) 1 o ) (9)

= For any angle ol aw :
Y or By ene d

where a single rrime indicates wind axes and no prims in-
dicates stobility axes. '

The second method of cbtaining data for the model in
trimned flight is to cross-plot diroctly the wind-axes
data (Lunqel dats transferred only to the center of greve-
ity of the model) in order to determine the control Ge-
flections necessary to trim the model about all threc saxas.
This method assumes no interaction or interference botwsen
the controls and the cross plots have to be made in the
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style of successive approximations. The ladbor involved,
however, will usually be less than the labor involved 'in
the transfer to the stability axes beforo the cross plots
are made, (The cross plots must be made to analyze sho
dato proverly,)

The plots of tho control~surface deflectlion nocessary

"to trim the model at cach angle of stecady sideslip arc nob

only coavenicnt summary plots Dbecousc they give a diroccey
measurce of the stability, conitrol, and trim charactorise
tics but also may be dircectly comparcd with results of
flight tests. Tho anglc of bank neccssary to countoract
the lateral force may also. be compubted for conparison with

the angle of bank meoasurcd during flight tosts, if do-

sircd. Part of the mcasured latoral forco is duc to the
ruddor sctting, and the valuc of the lateral force uscd
conscquontly dopends upon the control defloctions reguired
for trim,

In order to calculate ithe motions of the n~irplane-rond
the dynomic~stability characteristics, it 1s necessary %o
have the trim slopes of the rollinge-noment, yawing-nonent,
and lateral-~force curves near zéero yaw. ZThese slopes are
to be obtained with respect to the stability axes but noy
be obtoined from the original wind-axes data and corrected
to the stability axes by use of the approximate slope forw
nulas previously given,

The direcet effect of the controls (90,/38, and

36,/38,) ond the sscondnry oifects - (3C,/R8, and 3C/38,)

ghould be deternined obout the stability axes. For prac-
tical purposes windeaxes daota moy be used provided that thoe .
rolling effcctivencss of tho latcral coatrols is detor-
nined at zoro yaw wherc the wind and- stability axes arc the
sanc, since the yawing moment is always the same about ei-
ther the wind or the stability axes. These data are of
value both for comparison of static data and for dynamic-—
stability and resulting-motiocn calculations. These calcu-
lations must be made if it is desired to estimate the ef-
foctiveness of the control surfacc in producing the do-
sired motions of an airplane because the coupling of the
vawing and rolling motions resulting from small control
deflections may gonorate motions opposite to thosc that

tho control deflcctions woro designoed to producec. The po-
riod and dsmping of any oscillation should bo cstimatoed

for the various flight conditions. :
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Tho control forces and offoctivencss recgqulred ¥
svin rocoverice must also be choekeod, insofar as mosszidlic,
with the static data available from tho teosts rade.

Somanary of Tests Renuired

A gunmary of the tests reguired for =z routine inves-
gation of the statice~stability and control characieris-—
cs of a model is presented in tables I zand II, .The nun-
er of tests indicated is believed %o be the smallest nuu-
r consistent with a satisfactory determination of the
static~stability charccteristics. As pointed out previons-
ly, for a more completse Investigation i% would be desir-
able to incrense the number of power and model conditions
vo add propeller~rcomoved fteshg, gﬁound~00hra teehs, t511~
romoved tests, and d;namlc—nﬁe.nu and angle survoys at
the tall, For multiengine models all ftests should be ro-
veated with various modes of propsller rotation and with
acymietrical wower., If the 1irp an¢ propcller characierig—
tice cannot be closely roproduced by onc model blade anglic,
btlado-anglo tosts should. be nmadeo. '

-
@ @ e
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GGESTED VIND-TUHISL CPRRATIIG TECHUIQUZ
DISCUSSIOY CF TEE CRITERIONS OF SIHILITUDSE

The tests to bo run and the eirplanc power conditions
to bo unsed for thoso tests have now been zclccted. Thore

remaing tho .problem of deteruining o simple, rapii wind-
tunnel operating procoduro tnat will proporly simulnbtc Lho.
power coaditions scloctecd. . Tho critorions of similitmude
will be cstablished, and tho goneral nethods tscd %o cchi-
mate tho nuL“rlcul valuecs of the hlrplan critcrions and
the methods noccessary to rcproduce thos ritcrions ror
thoe wodcl tosts v111 be given in the FolTOVing gsontions,

Zocsts of models can never be expoctod to oxachtly ro-
produce fullescale conditions unless the modcl is bthe
airplane and the air stream has free-air cioracieristics,
that is, flight tects. This stntement is Lundamentrlly
true for any type of test, power-off or power-on, bacruse
there ore always some conditionsg of similitude that connot
be net or that even conflict with other confditions, Teor-
tunately, however, all the conditions arc rnot of equnl inm-
portance ané, if the princinal eifects of the various
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factors are reproduced, results that are correct for all
practical purposes may boe obtained,

In practically all power-~off wind-tunnel stabllity
investigation the effecte of Reynolds number, turbulence,
surface roughness, intcrforence of omitted parts, Mach
number, etc, are ignored. The only criterion of similie
tude that is ugsually met is that the model be built to
scale with only = few omitted parts. In making power-on
tests the only important additional criterion of simili-
tude is that the relative slipstream veloclties be the same
on the model as on the full~scale airplane., If the slip~
‘stream is reproduced, the propeller forces will automatic-
ally be reproduced because the Bropeller forces are equal
to the increasc in momentum of the air in the slipstreanm.
It would rcquirec a dotailed air-flow survey of the reglon
in and nocar the slipstream of both the model and the airp
plane to determine properly whether the slipstream has been
reproduced. Such surveys are impractical and it becomes
necessary to determine some simple crltermons for reproducs
ing the sllpstrewn.

The important nirplanc slipstream charactoristics may
bo conswdc »cd reoproduced on the model when the thrust co-
cfficient, the torguo coefficient, and the normale— T-force
COeff;g;ugt of fhe modcl arc tne same as tho§¢ of thé air-
ﬁThno. Thoge criterions of similitude arce based upon eclo—
mentary momentum thoory, which indicates that the axial
slipstrecam velocity ratio is a function of the thrust co-
cfficiont, the ratio of tho tangontial to the axial veloow
ity Qgggigugggégg is proportional to the ratio of the
torque cocfficiocnt to tho thrust coofficient, and tho an-
gular dircction of tho slipstroam is a function of tho
normal-forcce cocfficiont and the thrust cocfficlont. Tho
cfficicncy may be considored a criterion of the energy
lost in the slipstreanm due to eddies, tenperature rise,
and altered velocity distribution,

Fortunately, experience has shown that it is usually

not necessary to exactly reproduce the slipstrean in or— !

der to secure satisfactory results in most power-on sta-

bility investigations. The effects of each of the varia-
bles should be kept in mind, because expericnce has indi-
cated that sonc of the factors affocting these variables

arc relatively uninportant for some types of tost on sone
airplancs. Thc sanc factors arc of utmost importanco for
other typoes of tost or for othor airplanc types.

e = et e ity e 1

e



DETERMNIVATION OF FULL-SCALE PRCPELLER CZARACTERISTICS

0r

ct
|».-h
]

¢ Thrust%t Condi

<

o1

f a0

Pos

-

beforec iy is possivlec to rerroduce thc airnlane slipe-
streen conrndifticng, it will bo nccossary {irst %o calcu-
late the _ull-,calo propeller clkaractoristics cxrresscd
in coefficient form. THo rokhiocds usod %o caleulatc the
propcller charactericstics arc simple and straightforward.
The fthrust conf‘iciort, trhe torgus coefricient, and the
norinal-Fforce cocfficient of thoe airplane propolloer nust be
doturnined as functions of the airpianc 1ift cocfficient
for the various powaer conditions to Te investigated. A
knowlecdge of . tho advance~diancter reatio, the efficiency,
nnd the blade an vl cs of trho prcpeller is also highly de-
sirablo. ~ .

!-i
[}

Only tho caleculations neccssary to deternin

¢ the
o] ‘ac**ristics cf a consg thnu—sncnd propeller deglivering
e} nd wower will be outlined hare. The sanc tasic
i‘.,s are unsod, howaever, to calcvlate tao characitarictics
oi Jixed-mitca provellers or propolicr-ongine combinations
sparating under other power conclitions.

Tho brake horscpower and tho propcller spced and dian-~
esor are krowa. Tho proceduro for tho caleulations is as
follovs (thc symbols usod arc standard NACA syntols and
ar2 defiaed in the ap nchi“,: :

1, ¥or sovcral valuecs of 1if% cocfficiont, compute
the slirplance VQlOClEV v (ft/scc) from the formuln

o pB J i

Az “he nangle € has not yet been Aeternined, it will
be necessnry ton &ssulle a valuse of cog 3 = L3  tnat 1s,
level flight nust be assumed, Ko aprrscinils crror is il-
Froduvced Tty this ﬁ”oceau" for the thrust coeilicients
calculated for uvuse of lev91—glight conrditions are anly
sbout 3 %o 5 mercent low uven in the kigh-1ifs range, and
this small error will later be corrcched.

Thnt is, lcevel flight velocity

ar
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2e Compute Vy p /nD for each value of 1lift coef~
ficlent ‘ :

3. Calculate the power coeffilcient Cp Dby the folw
lowing formula

Cp, =
“(actual) pn D
- " ;

4, From a propeiler~charactoeristics report (for ox-
ample, rcecferonce 10) giving the charactoristics of a pro-
peller ond nacelle combination similar to that of the air-
plare, doetcrmine the Op, M, and B for tho previously
determined values of Vy 3 ./nD and Cp. If the full=-
scale propeller differs very much in plan form and thicke
ness from the assumed propeller, it may be desirable %o
correct the power coefficient Cp for these differences.
Hemilton Standard Propellers, Division of United Aircraft
Corporation, has determincd a correction for plan form
called activity factor where

Cp,

{chart)

e

KA.F. = getivity factor ratio = G
Plactual)

and an approximagte correction for blade thickness., In the
absence of Hamilton Standard Propeller data, the activity
factor may be computed by the formula

_ 1.0
: Dol 3
— 100000 / “p/» a(E
Aefe ==z~ / ®(®) *(=
\ .
0.2
for the assumed (chart) propeller and for the actual pro-
peller, The thickness correction may uwsually be neglect-
ed. -
5, Calculate the approxinate thrust coefficient
TC*T - n terms of wing area snd level-flight dynamic
wl g @

i
vressure fron
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if airplane drag for the propeller-renoved condiw-

S

tion is availalle, or may be estimated, make an estinmate
for vhe angle  § since

moroL

T C D ﬂ..'.-\

-1 ; owaer—~ofd
8 = tau E
YL

mol -
L A c ~
/S L7, T “Vpower-off\
an

Gy Y,

For a better apprr Oﬁl.utloﬂ to the true V/ul, de-
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L ]
ternine

8, Tor the movwe exact thrust coefficiens, determine

2
Tt o CF 23
. - o ( v \:u
. _ nd /
vhere the wvalue of CT for (?/nD)L.F. nay be used

. V=V, n [fcos g
LIy
n 2 T

1 T 2p” | % .7,

= = = - = '
¢ (Vt o 53§‘§> S cos g

9. Conpute the »propeller thrust ccefficient in serns
o

=1

[n

&l &

romeller dinersions, '1f desired : .

: S ) ' Crp
il =T 1 or w = =
¢ e <3D§ RN YIS
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10, Compute the torqgue coefflcient Qc. as follows:

. Te v 1
e T N \nD/ 2w

11, Calculate the propeller normal-force cosfficient

N, from Glauert's equa*tions by use of experinentally dew
ternined average propeller curves (see reference 1) of X:

W, = X s8in g N norusl gorce
' S oV°D"
ﬁD/

The fullwscale propeller~thrust coefficient, the
normal-force coefficient, the torque.coefficient, the effi-
ciency, the blade~angle variation, and the advance-dianster
rotio have now been detormined. Typical calculated characs
toristics are illustrated in figure 7. '

It should be noted here that the airplanc propeller
haracteristics Jjust conputed are the estinated propul-
vo characteristics, not the actual forces or mounents

hat really doternine the slipstrean notion.

Mothods for determining the anmount of air flow through
the cowling have not beoen given, but the alr flow should be
deternined and roproduced on the nodel, if fegeible, bo-
causc thoe air flow will affect the distribution: of slip~
strean velocitices and nay even be criticsl for some air-
plancs. : . -

Fegative Thrust Conditions

The ncgative thrust characteristics of airplancs aro
difficult to cstimakte. Irn reference 11 is given a sum-
nary of the data aveilable on negative thrust charascteris«
tics along with a small amount of engine-friction data,.

The destabilizing effects of model propellers operabt-
inz at negative thrust do not seem to be very critically
denmendent upon the blade angle used. TFor this reason no

1 be made to repeat here the information given
2 11. Some special flight conditions, however,
such as the use of the propeller for a dive brake, may re-

guire an asccurcte reproduction of negative thrust.



MODEL PROPELLER CHARACTERISTICS , ‘.

Fropellers for

the usual moderate~sized wind—tunuel

¢dels nra of fixed-pitch construction., Obvisusly, thexr
runot exoctly reproduce the charactoristics of o fulla
::lo constoant-sreed propeller but, by ths proder solee-

J.

io* oxr tlie blafe nugle, the ervors duc to bthis foesor mny
be mnée anite snall, In figurs 7 are shown not only the
erleuleted characteristics of o full-scale consinnt-spoad
prop~iler but =lso the cpleulated chnre cbo-:sul cg of *tnno
propollcr operntcd as o fimcd-pitch propoeller set ot vor-
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OPERATING CHART FOR THE WIND-TUNNEL OPERATOR

.The most convenient method of dotermining the char-
acteristics of the wmedel provellers is to run propeller-
calibration tosts with the clean model mountod in the
tunnel at about zero lift, that is, to mcasurc the ocffecw~
tive thrust coefficient, the torque ccefficient, and the
cfficlency for various valuocs of V/aD and blade angle.
The cffeetive thrust coefficiont based on model wing arca
and on dynamic pressure is determined frow the drag-scaloc
_roadings taken with tho propzllers opcrating and with the
propecllors romoaved, Thus,

¥
I

c p_. . = Op.
- propellers removed propellers operating

The torque coefficients are determined either indirectly
from calibrations of the model motors or directly from
torque~meter readings, The efficiency may be calculated
from the thrust, the torque, the motor speed, and the air-
speed as measured, The propeller normal-force character—
igtics must be calculated, no simple method of measuring
them being avalilable,

A slight error infotermining experimontally the pro-
peller thrust may be causcd dby the fact that the offec-
tive thrust for a given actunal thrust may be difforent on
the airplane and on the model if tho model clcanncss or
the cir~strecam turbulcnco is Zroatly differont from that
of the airplanc. That is, thoe slipstrcam velocity is de~
termined by the actual thrust forco - not the ceffoctive
thrust - and thoe actuwal slipstrcam valucs should bo ropro-
duccd, If the transition is fixcd at the samo point on
tho-model as on the airplanc, this offcct can be partly
climinstcd, : '

The blade arnglo for which the thrust, torque, normal-
forcec, and efflclency characterigtics most nearly repre-
sent the characteristicg of the airplasne constant-speed
propeller may be determined by comparing plots of experi-
mentul model propellev data with caleulated fullescale
propeller data similar to figure 7. The effective thrust



fent calibration for the selectod blado angle 1
t 1ig required to determine the tuunnel-operating
ons, In figure 8 is shown the evolutior of o t
oal tunnel opcrating chart dased ou effective thrust co-
efrficicnts alone for counstant tunnel dynamic-pressure one
erntion,.

The computed alrplane =ffective thrust coefficients
for various 1lift coefficlents and power conditions nare
ghowvn in Tigure 8{a). A mecdel propelles callhrat&on is
given in figure 8(b), and a uomPOQlte of Tigures 5(a) and
8(b) is given in figure 8(c). The composite curve shous
propeller speed in revolntions per mninute plotted against
1ift coefficient for a given value of tunrel dynamic pres-
SN O .

Although the %unnel dynnmic prescgure 1Is maintolns
constant for the propellier calibration and for a2ll th.
testesy the actual tunnel velocity may vary souevaat be

cause of changes in air density, wiich rersult in chnng
in the thrust delivered by the pronellerh. hls ary or
usually smell; in order to prevent its Decon
the ailr density should be debterminaed for eact
t varlies markedly from tha air censiiy o
tho propeller calibration was made, tho o
g shoul& be corrected to the new dens tJ.

(6] 0

te ﬁ ﬂnd,
tlﬂ t‘ia.‘.
ernving

f:l'..)' I-'-

et

first series of tests should be tare tosts or
Z¢r tests, as 1% is no% important that the cxectH
1iight operating charts be uscd for thesc tosts.
s arc fairly small guantitices and the stabillzor
ns3d only to dotormince thec stabilizor corffce-
for tho pitching-momont jet-boundary corrcctiong
ctormine the stabilizer angle for trixs at cruisisg.
stabilizer test, an ovorating chart
r to figure 8(c) is used. The second +es.., another
er-angle test, is tlhsn nade by operating e rotors
one speeds and ot thcs same angles of att
. From thesge two curves a power—on
urve iamed #light coriitiozns con te obisl
curve of mued 1ift coed f1c;ent nlotted agains
angle of attack is given ir figure &6(d). TFor ol
ing tests mnde with this vower condition, moliel condition,
and blade angle, an operating curve of propellsr smeed as
a function of ftunnsl angle of attack is nsed. This omer-
ating curve is obtezined by combining figures 2{c) and 8(a}
2s shown in figure 8(e), the firal operatirng chart.
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qu mothod of operatlng the propellers for vaw tests
1% quite simple. The model attitunde is selected (high-

‘speed attitude, climbing attitude, landing attitude, etcs)

and theo propeller specd corresponding to that attituwde for
zoro angle of yaw is set and mainbtoined throughout the yaw

~range tostod, Although this opcrating proccdure 1s the

simplest possidle, it roproduces tno airplanc-propellor
conditions oxactly for only small angles of yaw. At larger
anglcs of yaw, the representation is not quite so accurate.

"The 1ift coefficient usually falls off at moderate and at

high angles of yaw gin steady-state flight) and it would
therefpre te necessary either to change the flight atti- .
tude or to increase the alrspeed in order to correct for
this loss in 1ift coefficient at the initisl angle of ate-
tack. The fact that either method of correcting for the
loss in 1ift could be used by the pilot indicates the dif-
ficulties encountered in trying to represent exactly the
Tlight conditiors-at high angles of yaw. It is not usu-
ally congidered JOauh while to use any. more.exact method
of operating the model propellers fg;”xa4jhg&$.1han to
maintain coustant vpropeller.snsed.

ITI, TESTS OF A POWERED MODEL

MODEL AWD APPARATUS

The nmodel used was a 1/5-scale model of a low-wing,
sing1e~ong*ne, pursuit-type airplane. It was made of
hogany with a hollow fuselage in which the motor and
the hinge-nmoment balances were installed. A threcwview
drawing of the model is shown in figurc 1.

[&]
ful
wm
=]
[¢7]

Test conditions and vprocedurc.~ The tests were made
in the NACA 7~ by 10<foot wind tunnel (references 12 and
13) a% a dynamic pressure of 4,09 pounds per sguare foolb,
corresponding to a velocity of about 40 miles per hour =at
standard ses-level conditions. The test Reynolds number,
based on this speed and a mean asrodynamic chord of 16.32
inches was sbout 500,000, The fturbulence fazctor of the
7~ by 10-foot tunnel is 1.6, so that the effective Reynolds
number was about 800,000. The test procedure was similar
%o that indicated in part II.




Cog cionts.~ The results of the tests are given in

of .standard FACA coefficisnts of forces and mow

o
9]
-t
Q
Lr )
(28]
1y

h 3

neaty based on model wing srea, wiag span, and mean aero-
iyianic chord., All noments are taken about a center of
gravity located at 26.7 pcrcent of the mear acrodynanic
chovd (fig. 1). The data arc referred to the stability
exas described ir part I of the present report. Tihe cool-
ricicnts are doetined in tho anpendix.

Corrgectioneg.- The 1ift, drag, and pitching-moment co-
efficients have beoon correctad for {ares coused by ke
nmodel support. Thoese tarcs were obMined Tty prelininary
teste with g dummy support for varlous model conditions.
The cffact of power upon the Sares wos estimated.

The engles of attack, the drag coefficient, and tiae
ritching-noreant coafficients have boen corrected for bHhe
sfferts of the tunnel walls. The Jet-~-boundary correc-
tions applied wers computed as follows:

T ; - 3 S w.® n

Indnced drag correction, A&Cp, =8 3 C1, (12)

Induced angle-of-atiack correction,

bay = 8 £ 0y (57.3) (11)
Pitecning-mocuent-coefficient correctlon
S a-.‘r. . Y
BOn = 85 7 278 o (57.3) (12)
R ) d'l'[‘-

"A11 corrections are anded to tunnel data. In egta-
tions (10), (11), and (12

o

8 jct=boundary correction Ffactcr {C.123;
&, &dditional jet-bovandary correciion factor (0.17
¢ funuel eross-scctional arca (63.59 sg .Tt)
C:.Gwl 1 . . 4 F X - i ",_ . ¥
=== change in vitcaing-monent coefficient por dcgrac
Gy change in stabilizer setting as determincd by
b e
FRERI NN

2o jat-bourdary corrcectionz we
rowing-wond roliizg-mouent ccefilcien
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RESULTS

ch.~ The results of the pitch
ious power conditions are given
ation of these figures reveals

Claracterlstl in pit
tests of the nmodel vith
in figures 9 to 12, ZExa

the following facts:

ar
min

1, The effect of nropeller operation was destabililgw
“ing whether or not power was applied (figs. 9(a) and $(b)).
The windmilling propeller aecreased the slope of the curve
of pitching morent against 1ift about 25 percent below the
propellorwrenoved velue, Appllcanlon of power decreased
the slope of this curve still further, »ut the decrease

was apparentlv not a direct furction of the power appliecd.

2w The application of power inmcreased the slope of
the 1ift curve and the increase was approximately nro-
portional to the amount of powver (figs. 9(a) and 9\b))
Thu maximum 1ift coefficiont also increascd with noxer
(fige 9(a)).

3+ &An increasc in proreller-blade angle slightly de-
creased the slope of the pitching-momens curve for. the
fullepower condition (fig. 10{a)) dut had no appreciable
effect on the s‘ope for the propeller windmilling condie
tion (fig. 10{Dv)

4, The stabiligzer effectivenesse was constant through-
out the 1lift range for the propeller-windmilling condition,
Just ag 1t usnally is for the power-off condition, This
effe ct is shown by the pitching-moment curves of figure
11(a), which are approxizmately linear and parallel. The
stnbilizer effectiveness increnged with increasing thrust
coefficient for power-on operation, This effect is shown
by the diverging pitching-moment curves of figure 11(d)
where the slope of the curves decreases with decreasing
positive values of stabiligzer angle. (The thrust coeffiw
cient increases with 1ift coefficient.)

5, ”he elevator effectiveness “nd the slope of th
pitching-ﬂomont curves ‘for the variouns deflcctions (¢*g.
12) and power conditions wore affedtcd ia tho sane way
that the stabilizer orffcctivoness and slopc were affccted.,

w

Choracteristics in yoaw.=- results of the yaw tests
of the model are presented in fig res 13 to0 17. The folw-
lowing points are wortny of note:
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l. Power increzsed congiderably the pitchiag moment
due to yaw (figs. Lh, 157 and 16).

@« The slope of the yawingwmoment curve 3Cn/8¥ noar
zeTo yow was increased by power (figs. 13, 14, 15, ond 16},
3~ The raving moment at zero yaw was pogitive nromel-

el
ler-removed but becare qu*te large ncgatively .8 pover wis
applie d (flgs. 13, 15, and 18).

4, Power i
curve dCy/3¢y (

ncreased the slope of the 1~atsral- Iorc~
firs

zs. 13, 14, 15, hna 13).

c
i

5, Power decregsed the slove of the rolling-noment
1

lox
curve J¢y/3Y (figs. 13 and 14).

€e In the highwspood attitude vhere thaz 1ift, the
thrust, oand the torgue cocfiiclents wore low, chonzos in
propeller-blade setbting had no measurable cffact on the '
cerodynamic characteristices (fig. 15{a). In the clinb nt-
titude where the 1ift, the thrust, and %he forque cocifi-

cients were moderately larze (Ilg. 15(t)) 2n increase in
tlade angle increase? the nezative raviang roment at zmero
yaw but didé not change the slope of the rovwing-rmomsn®
gcurve near wero yaw arpreulabl decrergcd the rlope of
positive rudder-

!‘lq

the rolling-moment curve, znd &Ocreused
hinge-momont coefficient near zero vow.

"s The rudder effectivenssc wns incrensed by porer
ard was not symretrical about zero yow (fig. 13). 4Arout
-5Y rudder deflection wes required to srim the model =t
zero yow for the elimb condition of figur:s 15,

DISCUBRSION .

ffecst of pcwer on cherasteristics in pitch.- The
component effects of power on nerodynamic cheracteristics
of single-ongine tractor nonoplaznes arc iescrlnod and

nebthods are given for their evaluation in reforcncs 1. 4
r

brief discussion of power offscte, inductiorn offcets cu
ko the slipstrean boundarics being noglected, follows: -
The direct effect of the propeller forcos mny b2 cone- .
- - -~ - ) i ‘£
sidored separately as the cifcet. of the thrust Jorce and
of the normal forcc. As tho thrust axis does not usuzlly
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pnss through the conter of gravity, thc thrust produccs a
pitching momont abouwt tho centor of gravity., This pitch-
ing moront increasces with 1ift coefficicnt for consbtant
power opcration bocausc the thrust coefficient increascs
with 1ift cocefficient, If the thrust axis is above the
conteor of gravity, the resulting momonts will be stabilize
ing, The %

propeller normanl force also produces a pitchiag
moment about the sontor of gravity because it acts in tae
1'1

planc of the propeller. This pitching morent is dostabix
lizing for the conventionzal tractor arrangeoment., Roughly,
half of the total increment of blucﬂlhg momecnt given in
figure 7 is due to the direcet cffeet of the normal forcc.
The ﬂcc*c 8¢ in the slope of tho pi*ching—momont curve
with inercase in dlsdc anglo illustrated in figure 10(a

ig caused by the chaongé in normal force with blade anglo,
tut this coffcet is pertly masked by tho changes in slipe-
strcam distortion also associatced with changes in blade
anglo, - '

The glipstrean may be broken into componcnts of a:z
, normal velocity, and angular velocity.
xinl volocity rosults in an increasc in the dynanmic
rossurc over the wing, the fusclago, ond the tail, thus
n

th

ro

e
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=

v
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-

creasing the various morodynamic forces and moments of
CsC parsvs. ﬁlth the flap noutral, -tho change in wing
iteking momont duc %o the axiasl volocity is usually noge
blée With flaps defloctod, howover, the change is ol-
ton lerge enough to make the medel without tail stable for
fullwrated-power conditions. This conditicn resgults from
the fact that, although the models with flaps deflected
and without tail are unstable, rower off, the pitching mo-
ments are usually n05at1ve° The slipstream then increasss
these negative nonents. The ircrease is greater in the

s
1]
o
!._I

~

high-lift range thaon in the low-1ift range Dbecause the
slipstrean -velocity ratio increases with 11f% ccefficient
for constant-~vower operation,

The axial velocity of the slipstream incresses the
elevator and stavilizer effectiveness, provided that the
slipstream passes over the tail surface. The change of
velocity at the tail with Lift coefficient is destabilizing
if the tail 1ift is negative (down) and stabilizing if the
tail 1ift is positive (up). The destabilizing downwash

at the tail is increased by the axial component of the
inclined slipstream. It may Ye noted that for casas\where'
the taill gsurfaces have a destabllizing effect /%E > 1,
' : o
an increase in tail area will increase the instability,
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Tho vclocity normal %o the slipstrecam axis incroascs
tho dowvawnskh at the tail. Approximately kalf of tan cal-
eulnted tabtal incremont of pitchiing momens duh ¢ the
wroncller nornal-force offoct, ns showa in fizure 7, 1is

Guc to the increascod downwvagh ceuscd by the narnal force

1
I
Q

ansuler velocitics in the slipstrcan do not scen
a very lergs dircet cffeccet on pitckhing ncnent bo-
eroase the dovnwash on kolf of the vwing and
arocunt thet they dccrensc the dewawvash
f couzregos, the wing ligtorts
wnyT t"hq tho angular-volocity &
is 7y no necans perfcctly synnet
of t;c angular velocities upon
n 2 large ncasure upon th
by the wing
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incronsc in dynanic prossuroc ovoer the verbtical
surfaces cauwscs an inereasc in ruddor cffectivoncss
nower when t.ue tail is in tho l"rps'i:rcar;. As the ~n-
T yaw is incrcascd, the tail surfaces pass out of
lipstrcan and the rudder e”fcculfcnogs is docrceocscd
povecr-off valuc. Becauso of the defornantion of
et can duc to tho wing (roforcnce 1l4), *he tail
n g ozt of tho glipstrcan sooncr whea yawed
taan vhon yawod nogabtivelr (for right-hand pro-
1L 10"; and +he variation of rudder effectilivew
vaw is not symneirienl .about zero yaw (fizg. 16).
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The increase in dynamlc pressure over the fuselage and
surfaces conbtributes to the changes in pitching moment
to yédwa The decrease in the effective dikedral caused D
power is believed to be partly due to the fact that, wle
the airplane is yawed, the slipstream is deflected over
trailing-wing panel and incrsases the dynamig pressure o
consequently, the 1ift of the trailing wing., This in-
creased trailing-wing 1lift (and decreased leading-wing
1ift) results in a rolling moment that increases with an-
gle of yaw but is of oprvosite sign %o the normal (dosir-
able) dihedral effccts., This difference in the dynamic
pressure upon the two sides of the wing panecl also con-
tributes to the yawing momont due to yaw. The position

of the center of prossure of the vertical tall with rospecct
to the X axis determines the influonece of the incrcascd
tall effoctivoness upon the dlhedral ecffect.

fole
[

@ ot
40

e

T

L

3 o B
o

h
a

3

Although it has not been definitely costablished, it is
thought that the offect of wing-fuselage intorference upon
the rolling and yawing moments due to yaw (referonce 15)
may be increasced by the incroased dynamic pressurc of the
slipstream. Thus, the adverse effects of interfercnce on
the effective dihedral of low-wing monoplarnes would be in-
creased and the favorable effects of the interference for -
highewving ronoplanes would also be increased. Ths .same
reasoning indicates that the favorable interference upon
weathercock.stability'of low-wing monoplanes would De in-
creased, and the unfavorable interferenco of high-wing
monoplanes would also be increased. Because the sidewash
angles at the tail are dotermincd nos a voetor. addition of
the various compoanents of air flow du¢ to the wing, the
fuselage, =nd the slipstrcam, the axial veloclty has a
rather large direct influonce upon tho sidowash angles of
the tail. '

The velocitios normal to the axis contribute toward
tho sideowosh angles of the air flow passing over tho wing,
tho fusclage, and the taile Onc of thoe cffcects of the
sidowash at the wings is to resist tho undosirable dise
placcmont of the slipstrocam, which dccrocascs the offcctive
dihcdrale The sidowash nt the fusoelagoe and at the tall
surfaces changes tho angle of attack of the fusclage and
the tall surfaces and thus deocrcascs the slope of the
yawing-moment curve.

The rotational volocities in the slipstream altor the
anglo=ofenttack distribution of that portion of the wing
immerscd in the slipstream and therobdy producc a rolling
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monent. The rotational velocities over the wing and the

. fuselage, together with the increased dynamic pressure in
the slipstream, produce rather powerful yawing moments.
The power—on vawins-moment curve obtained without $ail
surfaces ig usually nmarkedly unstadle, is vnsymmetrical
about zero yaw, and kas a larger negativo yawing moment a®
Zero yaw. The yawing moment at zero yaw is uswally in-
croased negatively by the tail surfaces for full-power op-
eration evon though the vertical tall is offsct 1° or 29,
These rotational velocities account in a large measure for
the effects of changes in propeller-blade angles.

CONCLUSTIONS

Power had a congiderabls influence or both the longi-
tudingl-~ ond lateral-stability and the control character-
istics. On single-engine, low~wving models, powcr de-
creased the longitudiral stadbility and the effective dihew
dral. The directional stability and ths rudder and eleva-
tor effectiveness were wusually incressed Dy powver.

Fowerwoff tests of models may give resulis that are
misleading with regard to the static stability of the fulle
scale sirplane; wherezs power-on tests give resulits that
are in close agreement with flight tcsts.

Langley ilemorial Aeronautical ZLasoratory,
Fationsl Advisory Commitiee for Aeronautics,
Langley Field, Va, ¢
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APPENDIX

COEFFICIENT AND SYMBOLS

]
uwltant- -drag coefficlent <—£\'
qS/

lateral~force coefficiens /jL>
\gS

-noment coefficient about center of gravity

pitching-moment coefficient about center of graviity

yvawing-moment coefficient about centor of gravity
<4 A
qSb/
"

. pps s / e
elevator hinge-noment coofficient K;§—2~
' 1ReCe

rudder hinge-moment coefficient (—Zz
\gSpcn/

\

effective thrust disk-loading coefficieat <-fF;5g)
P

ﬁﬁ"l .e
effective thrust coefficient <-§>
q

torgue coefficient < >
V D®

. apt s m
propeller normal=force coeificient <nor a%_igrce)

pV“D
- T
thrust coefficient (__ae%>
pn D

Lo}
o
=
=
(0]
w3

ne s cngine w
coefficient ( £i00 PO er)

pn°D5
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wWNore

D resultant drag, positive when directed backward
it

-

k4 lateral force, positive when cirecited to right

L rollins moment about X axis, positive when it tende
to depress right wing

M pitching nioment about ¥ axis, positive whecin it tends
to depress tail

N yawing moment about Z axis, positive when it tends
to retard right wing

H{3 elovator hinge moment, positive downward
H, rudder hinge moment, positive toward left
™,

q dvnamic prassure(i% p VB’) (4.09 1b/=sq £%)
8 wine arca (9.44 sg £t)
¢ mesan acrodynamlc chord (1.36 ft)
b wing span (7.46)
8 clovator area back of hinge (0.621 sq ft)
£, rudder area back of hinge (0.471 sq ft)
Cq - root mean square clovator chord (0,284 ft)
c, | root mean square rudder chcerd (C,.403 f£t)
Ty effective thrust, 1b
Q engine torgue

mass density of air, slugs/cu ft
v airspsed, £t/sec
D propellcr dlameter (2.0 f£t) ‘

n propeller sneed, rns

%



and

(o4 ancle of attack of thrust line, deg

_— rate of change of downwash angle with anzle of attack

do

v angle of yaw, posisive when nose of model =aves to

right, deg

ig angls of stabilizer setting with respect to tarush
line, positive with trailing edge down, deg

8o elevator deflection with respect to stabiliger choxd,
positive when trailiang edge of clevabtor is moved

down, dog

8p  ruddoer doflection, positive whon trailing cdge of
: rudder is moved to loft, dog

8¢ flap doflcction, positive when trailing cdge of flap
is movod down, dog

alleron decfloction, positive when treiling cdge of
aileron is moved down (subsc%ipts R and L de-
note right and left ailerons), deg

T/nD advance-diameter rabtio

g angle of propeller-blade setting measured at throow
quarter radius

N nuniber of hlades

X constaent (determined frow fig, 4, reference 1) for 2
threewblade propeller

] angle of climb of airplane, deg
¢y  chord of propellor blade cloment
r radius to blade oloment
R propeller radiusg
1.0
00 e 3
. 100000 1/1~> /N

AJF. activi a —————— - (= (=

ctivity facto [ 53 L/ E \R & \E
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PR . s CP(chaIU)
aebivity-factor rantio R == -
Plactual)

b

subscript L.F, indicates level-flight condi%tionc,.
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range.

LONGITUDINAL STABILITY, CONTROL, AND TRIM
[For each test, the angle of attack covers the entire

Table 1
TABLE I. - TESTS REQUIRED FOR DETERMINATION OF

Each test should be made with zero values of

angle of yaw, rudder deflection, rudder-tab deflectlon,
alleron deflection, and alleron-tab deflection.
should be read for 1ift, drag, pitching moment, elevator-
hinge moment, and powerparameters on each test

Values

Landing; Eleva=-

b Flap gear |Stabll- | Eleva= | {on ggp|Power
e8%}condition| condi-|izer de-jtor de- | g4p7,.fc0ondi-
tion |fleectioniflection| ¢ion tion

1 | Neutral Up al Zero Zero Full
2 |=m==downa |=edQgue= bl =wedQmun! wedo===] Do,
a Deflected|{ Down a8l |-~=do==-|-=do---] Do.
~-do -=d0 bl ~e=i@mn=|==do===| Do,
5 {=~eadgece |ecdoee= al weadgene| cnd0e==| Wind-

- mi1ling
6 |wmmedoeccjandom=e} Pl |ecedoe=u]-=do~-=| Do,
7 |eeeedomme|«ado===|Trim at al e=do~==| Do.
erulsl
8 |ameedomme |=ndomm=|omodomee] Bl |-=do=-=| -Do.
9 |ewendoen=|-=dpe=n|eacdoee= cl «=do-~=| Do,
10 40=~=|==d0 T 1o et al «==do==~| Half
11 |=-==do===|-=do do===| bl [==do-=-| Do.
12 do -~30 do el a=do=-~| Do,
1 do -~d0 O al w=do===| Full
1l |eeewdoea=|-=do do bl ~=do==-| Do,
15 |===w@0n=w |=ed0e==|ceedOm== ol ~=do=-=| Do,
16 | Neutral | Up —emdQm—— al ~=do--~| Do.
17 | ~w==@0m== jendO=ee]e==do===] bl }-=do---| Do.
1% | ~=medoam=[~=d0===|{===do===] o1 |«=do--=| Do.
19 | ==acdpea= |ecdonnn {eeedOn=- al «=dg=-=| Half
20 do ~=d0 —e=dOme= bl ~=do=--=| Do.
21 | ~mw=dQen=juedoeme |ecedo-==| el |==dg=--| Do.
22 | a==wdom== |eedo~ea= [eeedom=~| al al Do.
23 | memc@0m=m |==d0=n= |=ced0=ee |+=ed0=e=|-ado~== | Full
24 | Deflected | Down |===Q0~=e |s==lQO==w!w=d0-=~| Wind-
|m1111ng
L Values a, b, and ¢ indicate numerical values (not

zero) of deflection angles.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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NACA TABLE II Table
TESTS REQUIRED FOR DETERMINATION OF STABILITY, CONTROL, AND TRIM
EFor eaeh test, the angle of yaw covers the entire range, the
stabilizer 1s set for trim at cruising, the elevator-tadb de-
flection is zero. Values of 1ift, d4rag, pltching moment, yaw-
ing moment, rudder-hinge moment, rolling moment, lateral force,
and power parameters are read for each test. Values of eleva=-
tor hinge moment are read for tests 1, 6, 11, 16, 21, and 22,
Values of alleron hinge moment are read for tests 1, 11, and
25 to 32]
Landing-
Eleva~ jRudder |Rudder~ |Aileron] Power
Feat coﬁé?gion gg:gl_ A:gt:ogt tor de- |deflec~|tab de~ |deflec~| condi-~
tion fleotion| tion |[flectlion| tion tion
1 | Neutral Up High Trim Zero Zero Zero Full
speed
2 [ewnedoeen|andoen~ [cesdoemna [=andoea=] al D el (- LT Y. 1, S Do.
a. woveOnes |wepues weandpewvs jceedfoa= bi‘ coalewwe —-do--- Do.
wecsees{eufoeen |waadomess eaado=~] © wealpevsjucdOman Do.
5 --—-do--- --do--- --—do---- ---do--— dl ---do--- "'-do--- Do.
6 |we~=dO0mee|eecdo==e] Olimb |«vedo=-=] Zero |w=-do=<<|e-do--s Do.
7 |==ccdoews|endo=ee jwced0eena |acdoe=-=] al weelomes|eediene Do.
8 |e=vadOme=]|=edoe=e|cccioenen |scado=e=f DL ELLL LTS Y. L Do.
9 jevceedOmas|wadoen= |meadoeems [~eado===| ol wnelouevleandoeen Do.
10 |w==eloee=|wedoece jeceioracne [meudOwoe al emedievelwaduee Do.
1l |Deflected| Down [2% below |==edOw=<«} Zero wenlfena]lealomes Do.
power=off :
gtall
12 |eevecdOee=|endoea= |sccdoeces jencdon-af al e ot LY. LR Do.
1 wanadQuealaniess [avafesns lwaudOnne bt L LEEES EE Y. LR Do.
1 Jacncdoeccjacdomes |ecsdpncn |acedomaa]| ol L LT LT TR PR, [t Do.
15 |e=eadOe=e|=~d0=es |cmed0enes [secdom==| 41 wenliewalecadpee- Do.
16 [m=<=dpme=|=nl0eeejee=d0erns|ovadoee=] Zero [-=~do===je-do=--] Wind-
milling
17 |e===dowe=|e=dime=]eneiimncn jenelpe=- al e ol LT LR Do.
18 |«=ewdOme={ecdo==-= do ) bl eeedoe==|eedoeea Do.
19 |=meedoec=|eadoecs |eccdpeccs jeeado==al ¢l mweedowen|eadgeve Do.
20 |==eelOe=e|e=do=es|eecdoemnce|emado-=-] &l - LR . L Do.
2] |eeeedowesieedo do Tri Zero |===d0=e=]e<do===| Fulld
+ a
22 | Neutral Up Climd |==wdow==]-=do do walgese Do.
2 wceadpenne|ecsdonac]enedOne~e Trim | «=doe=- al e=Q0==- Do.
24 |w=eeloe=alesdo===| High S TR REL LETES PR T, LESES P, LR Do.
© speed
2H jweea(owe={endome- do d0===} «=do===| Zero al Do.
26 |====do==~lecdgmee|amaioecen jescdoens] ~=doere]| anadpo===] Dl Do.
27 |==~ed0ecae |acdfav=|ecedfen~e |eceiieee]| eed0ee=] aeedoe-=| ol Do.
28 [wenelesn|eadoace |cmadfenne |ewcd@ee=} sad0ece] cecado=-- al Do.
29 JDeflected| Down |2° beloW |==edO===|evdo==e=|=v-do=e~| al Do.
power-off i
stall
30 je==edomes|=adoesn |acadpuee= [anedo -=d0 do===| bl Do.
31 Jeewedomea|endonns |eredoaccn jeenioeea| cedoame| ccadomaed ol Do.
32 —---on—o wa(gnee ewaffewe= . L. L T --d_o--- ---do--- dl Do'
1Values a, b, ¢, and 4 indicate wasmerical values (not zereo)

of the defleotion angles.

NATIONAL ADVI SORY
COMMITTEE FOR AERONAUTICS
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